Introduction: Systemic postoperative analgesia is inefficient in most patients with hip fracture, which is the reason for pain, especially during leg movement. Peripheral and plexus nerve blocks are an efficient option for postoperative pain relief. The aim of this study was to compare the effect and duration of continuous FNB versus a single FIC block as a postoperative analgesia in patients with hip fracture. Methods: Sixty patients with hip fracture were included and were randomly assigned to two groups of 30 patients: FNB group -patients with continuous femoral nerve block; and FIC group -patients with a single fascia iliaca compartment block. In all patients, pain intensity was measured at rest and in passive leg movement by using VDS (0-4) at several intervals: 1, 2, 12, 24, 36 and 48 hours after intervention. The amount of supplemental analgesia was measured, together with the time when the patient needed it for the first time, as well as the side effects. Results: The values of VDS were significantly lower in patients with FNB block versus patients with FIC block in rest and movement at the 24-hour intervals (46.67% vs 0% felt moderate pain), after 36 hours (43.33% vs 0% felt moderate pain) and 48 hours after intervention (46.67% vs 3.33% felt moderate to severe pain) for p < 0.05. Patients with FNB block received a significantly lower amount of supplemental analgesia, 23.3% of the FNB group vs 50% of the FIC group (p < 0.05). Registered side effects were were nausea, dizziness and sedation, and they were statistically significantly more frequent in the FIC group (p < 0.05). Conclusion: Pain relief in the postoperative period was superior in the FNB group versus the FIC group at rest and in movement in patients with hip fracture.
Introduction
Hip fractures occur most commonly in elderly individuals as a result of minimal trauma and vertical falls [1] . Hip fractures cause significant pain in the preoperative and postoperative period, which increases in an attempt to move the injured or operated leg [2] . Early mobilization and early commencement of physical therapy are important factors to reduce postoperative morbidity and mortality in el-DOI: 10.2478/prilozi-2014-0011 derly patients [3] . This is why in this age group of patients an adequate postoperative analgesia is necessary. Uncontrolled acute pain in elderly patients can cause heart, lung and endocrine disorders. Trauma and pain induce "a complex response to stress", which is characterized by hormonal and inflammatory changes that lead to immunosuppression [4] . Effective analgesia in patients greatly modifies the pathophysiological response to stress, prevents or reduces postoperative complications and improves patient recovery [5] .
Systemic analgesia is a commonly used method of treating acute pain, as well as postoperative treatment of a hip fracture. For this purpose, a combination of opioid analgesics, paracetamol and non-steroidal anti-inflammatory drugs (NSAIDs) is most widely used [6] .
Opioids are effective analgesics, but it is difficult to titrate safe and effective doses in elderly patients. Elderly patients require lower doses of opioids compared to young patients [7] . Thus for their careful titration it is necessary to avoid unwanted side effects such as: increased sedation, confusion, nausea, vomiting, ileus, hypotension, and respiratory depression [8] .
Most commonly used nonopioid analgesics for the treatment of painful syndromes are non-steroidal anti-inflammatory drugs. They have no side-effects as do opioid analgesics, but can cause damage to the gastrointestinal mucosa, renal tubules and platelet dysfunction, and can increase intraoperative bleeding [9, 10] .
Systematic analgesia in the postoperative period is unsatisfactory in the majority of hip fracture patients, which is a cause of pain when attempting to move an operated leg, and provokes dissatisfaction among patients during the postoperative recovery [11] .
Nerves and neural plexus blocks are efficient and, depending on the surgery, a specific choice for postoperative analgesia [12] . The hip has complex innervations consisting of lumbar and sacral plexus branches. Lumbar plexus block and blocks of its branches provide excellent analgesia. Blocking plexus lumbalis is performed by rear paravertebral (psoas compartment block) and anterior inguinal paravascular access (n. femoralis block, known as the "3-in-1" block) [13] . An anterior approach provides a simultaneous blockade of n. femoralis, n. cutaneus femoris lateralis and n. Obturatorius; therefore, this technique is called "3-in-1". This approach provides 100% blockade of the femoral nerve [14, 15] . Femoral nerve block can be done with a single application of a local anaesthetic and thus provides satisfactory analgesia [16] . However, its time-duration may vary. Because of this, the continuous technique is more commonly used by placing a catheter through the needle which induces the nerve block. This enables continuous or intermittent application of a local anaesthetic near the blocked nerve and can achieve a long block of the corresponding nerve [17, 18] . An anterior inguinal paravascular approach belongs to the group of superficial blocks and it has a low complication incidence. Therefore, it is considered a safe method for postoperative analgesia [17, 18] . Using a peripheral nerve stimulator or ultrasound is recommended [19] .
A fascia iliaca compartment block is a modification of the femoral nerve block. It is performed by application of a great amount of local anaesthetic beneath the fascia iliaca and provides a block of n. femoralis and n. cutaneus femoris lateralis and rarely of n. obturatorius [20, 21] . It is a very simple procedure to perform this block; there are almost no complications and hence this procedure belongs to the small group of blocks that need no nerve stimulator or ultrasound [22] [23] [24] . Although it is simpler in comparison to femoral nerve block, the authors who have experience in performing peripheral block consider it a second choice [25] . It is recommended to be used if there is no peripheral nerve stimulator available [26] .
The aim of this study was to compare the quality and duration of postoperative analgesia between the two different approaches of femoral nerve block (continuous femoral nerve block vs. single fascia iliaca compartment block) in patients with hip fracture. Inclusion criteria for the study:
Material and methods
The study included 60 patients older than 65 years and ASA I-IV, surgically treated due to extracapsular hip fracture (fracture femoris pertrochanterica, fractura femoris subtrochanterica, fractura basocervicalis femoris -for a fixation with DHS or DCS plate).
Exclusion criteria for the study:
• History of coagulopathies;
• Local anaesthetic allergy or allergy to tramadol;
• Local inguinal area infection where block was intended to be performed.
Preoperatively, the following demographic characteristics were registered in all patients: age, gender, body weight (kg), ASA status (classification according to the American Society of Anaesthesiologists), duration of surgery, and diagnosis (fractura femoris pertrochanterica, fractura femoris subtrochanterica, fractura basocervicalis femoris). Two hours before surgery patients were sedated with 5 mg diazepam. The surgery was performed under spinal anaesthesia with 2.5 to 3 ml 0.5% bupivacaine in L2-L3 or L3-L4 -intervertebral space. ECG, heart rate, peripheral oxygen saturation and non-invasive pressure were intraoperatively routinely monitored. After surgery, patients were randomly divided into 2 groups, each one consisting of 30 patients, depending on the method of postoperative analgesia: FNB group -patients postoperatively pain-released with continuous femoral nerve block and FIC group -patients postoperatively pain-released with a single fascia iliaca compartment block. Shortly after surgery and performing the blocks, patients were transported into the Recovery Room for 2 hours. Once the patients were pain released, they were transported to the Traumatology Unit.
Continuous femoral nerve block was performed immediately after surgery in the FNB group. The block was performed in the operating theatre by using the existing routine monitoring (ECG, heart rate, peripheral oxygen saturation, and non-invasive pressure). Contiplex D Set: 50 mm long, 18 G insulated stimulation needles with PTFE catheter guide and a peripheral nerve stimulator were used to perform this block, while the patient was in a supine position. Bupivacaine of 0.25%, 20 ml, was applied after negative aspiration of blood. Constant infusion of bupivacaine of 0.25% was continued with 0.1 ml/kg/h during the next 48 hours.
A single fascia iliaca compartment block was performed immediately after surgery in the FIC group, in the operating theatre with the previously used monitoring. A Stimuplex D 50 mm long, top blunted "bullet -type" 22 G needle was used for performing this block. A peripheral nerve stimulator was not used. The patient was again in a supine position. Bupivacaine of 0.25%, 40 ml, was applied, once, after previously performed aspiration test.
The degree of analgesia was monitored during the first 48 hours postoperatively in patients from both groups and was assessed by using the Verbal Descriptive Scale (0 -without pain, 1 -moderate, 2 -moderate to severe, 3 -severe, and 4 -unbearable pain). The degree of analgesia was assessed at rest and during passive flexion of the hip, 1 to 2 hours after surgery, in the Recovery Room. The evaluation of the analgesia degree continued at intervals of 12, 24, 36 and 48 hours, in the Traumatology Unit.
If the patient felt pain despite the applied analgesia (VDS > 1), tramadol of 1 mg/kgbw/iv was supplied additionally. The time of the patient's first request for additional analgesia was registered, as well as additional quantities of given opioid analgesic, during the first and second postoperative day (POD1 and POD2).
Consecutive side-effects (hypotension, nausea, vomiting, sedation, dizziness, haematoma, infection, catheter impassibility, and signs of local anaesthetic toxicity) were noted, too.
Statistical analyses
The descriptive parameters were assessed Into series with numeric values and homoge-neous distribution, i.e. measures of central tendency (average, standard deviation, minimum and maximum values of the analysed parameters). Into series with attribute marks, the structural percentages were calculated (relations, proportions). For determination of significant differences, independent sample tests were utilized, depending on data distribution (Chi-square test, Yates corrected Chi-square test, Fisher exact test, Kolmogorov-Smirnov test, t-test for independent samples, Mann-Whitney U test and the difference between two proportions). Values of p < 0.05 were statistically significant and meaningful, and values of p < 0.01 were highly significant.
Results
Basic demographic characteristics of patients are shown in Table 1 . There were no significant differences in distribution of all demographic characteristics between patients in both groups. Both analyzed groups were homogenous taking into consideration all demographic characteristics (Table 1) . Female respondents dominated in both groups, 19 (63.3%) in the FNB group, and 24 (80%) in the FIC group This was due to the higher incidence of osteoporosis in women than men.
The analgesia degree among respondents at rest as well as during passive hip flexion up to 1, 2, 12, 24, 36 and 48 hours are shown in Figures 1 and 2 . As can be seen, there is no significant difference in pain relief between the two groups at rest and during passive hip flexion in the first 12 hours, or patients from both groups had satisfactory analgesia. One hour after surgery 76.67% of patients from FNB versus 73.33% from FIC group were without pain at rest, and after 2 hours, 60% of patients from both groups (p > 0.05). Most of the patients felt moderate pain 12 hours after surgery at rest, 40.0% from the FNB group versus 43.33% from the FIC group, and a moderate to severe pain was felt by 23 There was a significant difference in pain intensity between patients from the two groups at rest as well as during passive hip flexion up to 24, 36 and 48 hours after surgical intervention (p < 0.001). At these time intervals, a much larger number of patients from the FNB group were registered without pain in comparison to respondents from the FIC group (at rest 43.33% in FNB vs 16 Table 2 presents the first time when the patients in the two groups requested additional analgesia. There was a statistically highly significant difference in the time of the first additionally introduced analgesic agent between two groups (after 12. 58 hours for the FNB group versus 11. 98 hours for FIC group) (p = 0.018). Additional analgesia with tramadol during the first and second postoperative days (POD 1 and POD 2) is shown in Table 3 . There was no significant difference in additionally applied tramadol during the first postoperative day between patients from the two groups (83.33% of patients from both groups received 1 mg/kg bw and 16.67% of patients 1.5 mg/kg bw).
Regarding the second postoperative day, 7 participants from the FNB group and all participants from the FIC group were additionally given tramadol. A dose of 1 mg/kg BW tramadol was given to 7 (23.3%) patients from the FNB group, and to half of the patients from the FIC group, 15 (50%). Nine (30%) patients from the FIC group received 1.5 mg/kg BW, and the remaining 6 (20%) 2 mg/kg BW. Patients with fascia iliaca compartment received higher doses of analgesia with tramadol during the second postoperative day in comparison with those with femoral nerve blockade (p < 0.00000) ( Table 3) .
Administration of an analgesic agent for analgesia to a certain number of patients provoked unwanted side-effects such as nausea, sedation, and dizziness ( Figure 4) . Nausea occurred in 30% of the FNB patients and in 26.7% of the FIC patients. Sedation was also noted in 30% of respondents in the FIC group, and in 13.3% of respondents in the FNB group. About 30% of respondents from the FIC group complained of dizziness. Analgesia which was done with a fascia iliaca compartment block significantly more often resulted in nausea and dizziness (p < 0.05) compared to analgesia with a femoral nerve block.
Discussion
The results of the study indicate that peripheral nerve blocks improve analgesia in patients after surgical treatment of hip fracture. Continuous FNB block provided superior analgesia compared to FIC block [25] in the three last tested standby periods, as well as during the patient's hip flexion, and much smaller amounts of additional analgesia in patients who were treated with continuous FNB block. There was no significant difference in the degree of analgesia in the two groups in the first and second postoperative hour, as well as 12 hours after surgery, during rest and during hip flexion. There are a few studies on the effect of single and continuous FNB block as a perioperative analgesia in patients with hip fracture [13, 15, 16, 18, 19] . Sirvastativa et al. [15] investigated the single FNB block versus psoas compartment block as an analgesia after hip surgery. The author and his associates have come to the conclusion that there is no clinically significant difference between the two blocks in terms of the effect of postoperative analgesia during resting periods and during physiotherapy practice, as well as in terms of time and the amount of additional analgesia. The single FNB block improves the quality of postoperative analgesia in the first 12 hours after surgery and allows for early commencement of physical therapy, but already 24 hours after surgery, a higher proportion of patients felt severe pain.
Salinas et al. [17] compared the analgesic effect of a single versus continuous FNB block in the course of 48 hours in patients after total knee artroplastics. The results they obtained were similar to the results we obtained in our study: the values for the VAS score (verbal analogue scale) were lower in patients with a continuous FNB block versus the values of VAS score in patients with a single FNB block, at rest and during performance of physical therapy, especially the second day after surgery, as well as by adding small amounts of additional analgesics. However, the study showed that although a continuous femoral nerve block has a prolonged analgesic effect in relation to the unit block of the femoral nerve, it does not affect the length of hospital stay of patients. We did not study the duration of hospital stay, which in fact is a limitation of this study.
In the study by Monzon et al. [10] which assessed the analgesic effect of a single FIC block versus systemic non-steroidal analgesia in patients with hip fractures, it was confirmed that a group of block pain-released patients requested additional analgesia less and much later than the group of patients who received systemic analgesia. The FIC block had a quick onset and it provided excellent pain relief up to 8 hours.
Fascia iliaca compartment block in studies by Foss et al. [20] , Candal-Couto et al. [21] , Hogh et al. [22] and Hanna et al. [26] was evaluated only as a preoperative analgesia technique in patients with hip fractures, and they came to the conclusion that this block is a simple, inexpensive and effective method for preoperative analgesia. Candal-Couto et al. [21] found that patients with a block as the choice of preoperative analgesia have had a lower VAS scale, especially when sitting and in passive hip flexion, compared to those with systemic analgesia. The author and his associates come to the conclusion that patients with peripheral block do sit in bed more comfortably while waiting for surgery.
Foss et al. [20] , Hogh et al. [22] and Hanna et al. [26] , besides the analgesic effect of the fascia iliaca compartment block, have examined the amount of additional analgesia (morphine) in patients with hip fracture while waiting for surgical procedure. Patients with fascia iliaca compartment block received no morphine, since there was no pain, whereas patients who received systemic analgesia received significantly higher amounts of morphine. Hogh et al. [22] and Hanna et al. [26] have estimated that this block is simple to perform, requires minimal training, and is also an effective substitute for conventional treatment of pain in elderly patients with hip fractures. In their studies, FIC block was performed by junior registrars.
The only study in which the fascia iliaca compartment block was used for postoperative analgesia as a continuous technique is the Cuignet et al. [24] study which used the continuous block analgesia in patients with burns and for taking graft from the femoral area. The effect of the block was assessed with the VAS scale particularly preoperatively, 24 and 48 hours post-operatively, and during the first bandage change at 72 hours post-operatively. The control group were patients treated with intravenous opioid analgesics. Results achieved for VAS scale values were similar to those in the studies made by Foss et al. [20] , CandalCouto et al. [21] , Hogh et al. [22] and Hanna et al. [26] , and at the same time coincide with the results of our study, i.e. showed that fascia iliaca compartment block pain-released patients had significantly more effective analgesia. Effectiveness of analgesia was proved with a smaller amount of nonopiod analgesics given additionally to patients with continuous peripheral block, as opposed to those with systemic analgesia. Opioid analgesics were not added in the case of patients with continuous peripheral block.
Newman et al. [25] compared preoperative analgesia with single femoral nerve block versus single fascia iliaca compartment block in patients with a femoral neck fracture and concluded that both blocks provide analgesia up to 12 hours, but FNB block analgesia is superior in comparison with analgesia provided by fascia iliaca compartment block and patients with femoral nerve block received less analgesic agents.
In our study fascia iliaca compartment block was used as a single block post-operative analgesia. It provided effective analgesia, but only in the first 12 hours of the post-operative period. That is why the amount of additional analgesia with opioid analgesics during the first postoperative day (POD 1) showed an insignificant difference between the two groups of patients (FNB and FIC groups). Patients with FNB block, which was used as a continuous block the second postoperative day (POD 2), received significantly smaller amounts of opioid analgesics, compared to patients with FIC block.
In all studies demonstrating unwanted consecutive side-effects, such as studies by Layzell [16] , Beaudoin [19] , Foss et al. [20] and Cuignet et al. [24] , there were no recorded side-effects such as haematoma, infection, and paraesthesia which are also the most common adverse consecutive side effects of nerve blocks. In none of these studies was a systemic toxic effect of applied local anaesthetic registered. Nausea, vomiting and sedation were registered in a higher percentage of patients with systemic analgesia. In our study, from all monitored side consecutive actions, only nausea, dizziness and sedation were registered, and in a significantly higher percentage in the FIC group, because the FIC block was performed as a single block and it provided analgesia only during the first 12 hours after intervention. Furthermore, in the postoperative period, patients in this group requested high amounts of additional analgesia.
Our random selection programme did not fully succeed in creating two comparable groups, because in both groups there was a significantly higher proportion of women than men and this is an additional limitation of our study. Gender difference is interpreted with the knowledge that hip fractures are more common in women due to frequent osteoporosis, the main risk factor for these fractures, as defined in the study by Parker et al. [1] . This gender difference should not interfere with the results, because the requests for analgesia are not ageor gender-dependant, which was elaborated in the Aubrun et al. [21] study.
Conclusions

1.
Continuous femoral nerve block provides effective and prolonged postoperative analgesia until the patient feels pain. 2. Patients with continuous femoral nerve block received smaller amounts of additional analgesic agents and had fewer side-effects compared to patients with simple fascia iliaca compartment block. 3. The single fascia iliaca compartment block resulted in pain relief up to 12 hours after the procedure.
